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to the level of contamination they introduce at elevated temperature.
One UV-curved sealant shows no apparent degradation effects after
more than 1800 hours of 100°C heating with an undoped ester LC in a
vacuum-filled test cell made with this sealant.- Thermal storage
stabilitv at 80°C and low temperature stability at -60°C in such
sealed cells show little change in surface alignment, resistivity,
and DS characteristics in LCs with redox dopants; namely,
dialkylferrocene and (2, 4, 7-trinitro-9-fluorenylidene)-
malononitrile. The LC materials with this redox dopant also show
good thermal stability for over 1100 hours at 100°C in evacuated
glass ampoules. Elevated temperature dc-DS stability with 20 V

dec at 55°C shows more than 5000 hours for two of the new redox-
doped LC mixtures in sealed transparent cells.>-.The viscosity,
dielectric anisotropy, conductivity anisotropy and dc-activated

DS effects are studied as a function of temperature for one of the
mixtures. Response times of DS as a function of temperature (25°C
to 65%C) and cell thickness are also studied.
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IMPHOVED MATERIALS FUR UC DYNAMLC SCATTERING :
AT ELEVATED TEMPERATUKES™ '

ANNA M. LACKNER and J. DAVID MAKGZRUM
Hughes Research Laboratories

3011 Malibu Canyon dcad

Malibu, California 902p0%, USA

AN X B

Liquid crystal (LC) mixtures anc a sealant
suitable for dc-activated dynamic scattering
(DS) matrix aisplays are developed for wide
range storage temperature (-60 to o0°C) and
for elevated temperature operation. Three
improved eutectic nematic mixtures are
formulated with nematic ranges (undoped) of 0
to 74, -4 to 82, and -13 to 78°C, with flow :
viscosities of 31, 32 and 3o cP respectively.
Several types of sealants are tested in
contact with LC and are evaiuated according
to the level of contamination they introduce
at elevated temperature. One UV-curvegq
sealant shows no apparent degradation effects
after more than 1600 hours of 100°C neating
Wwith an undoped ester LC in a vacuum-fillea
test cell made with this sealant. Thermal
storage stabilitg at 50°C and low temperature
stability at -60%C in such sealed cells snow
little change in surface alignment,
resistivity, and DS characteristics in LCs
with redox dopants, namely dialkylferrocene
and (2,4,7-trinitro-Yy-fluorenylidene)-
malononitrile. The LC materials with this

55 § SIS

. redox dopant also show good tnermal stabiiity
for over 1100 hours at 1009 in evacuatecd
> ~
. glass ampoules. Elevated temperature Jac-ovo

stability with 20 V dc at 559C shows more
than 5000 hours for two of the new redox-
doped LC mixtures in sealed transparent
cells. The viscosity, dielectric anisotropy,
conductivity anisotropy, anad dc-activated D&
effects are studied as a function of

*Presented at the Tenth International Liguid Crystal
Conference, York, U. K., July 15-21, 1984.
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temperature for one of the mixtures. N
Response times of DS as a function of
temperature (25° to ©59C) and cell tnickness
are also studied.

1. INTRODUCTIGN

i

The dynamic scattering (DS) mode is useful for
several types of liquid crystal (LC) display
applicationsl, most of which require a wide
temperature range for device storage as well as a
fairly wide operational temperature range for the
LC materials. However, because the Ds mode is
dependent upon the anisotropic conduction of ionic
species, the operational range is in general
somewhat limited due to the exponential dependence
of ionic conduction upon temperature. we are
particularly interested in using dc-activated Do
for an active-matrix pictorial LC display with MUS
(metal-oxide-semiconductor) substrate cir-
cuitryz's. The dc¢-DS mode provides a gray scale
capability for this matrix display, and dc-
activation of the LC picture elements (pixels) is
the simplest way to utilize tne MOS circuitry. In
this circuitry a field effect transistor (FeT) is
switched open just long enough to charge a pixel
capacitor, which provides the activating voltage
across the LC pixel during each picture frame time
(e.g., 33 ms). The LC must be conductive enougn

to give a full level dc¢-DS response, but must be

resistive enough so thdat the capacitor remains
X sufficiently charged to maintain an adequate
voltage across the LC during the frame time. At
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IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

room temperature with a typical LC thickness
(e.g., 10 um) the operational range for tne L
resistivity in this MOSFET addressed display is

approximately between 109 and 1010 ohm-cm. Thne

resistivity is strongly temperature dependent for

redox doped LC esters’, with an order of magnitude

change between about 25 and 70°C for the ac-
resistivity and between about 35 and 71°C ror tne
apparent dc-resistivity for cells activated at
20V,

Although the use of redox dopants6 permits
long lifetimes for the dc-activation of ester LCs,
the resistivity of unsealed celis gradually
increases over long periods of dc¢ operation, even
in nitrogen-flushed ovens.l'6 Cn the otner hand,
cells sealed with epoxy type sealants nave shown a
very short de-lifetime at elevated temperatures
due to electrochemical effects from ionic
impurities introduced into the LC from the sealant
material.! The present work was initiated with
the goal of obtaining improved LCs ana sealants
compatible with the dc-activation of MUs-addressed
matrix displays in the elevated temperature range
of about 35 to 71°C. Cells can be readily heatea,
and operation above room temperature is

advantageous for faster response times. In
addition, environmental conditions may require
operation up to about 71°C 1n some cases if the

Eg cells are not cooled. OQur aims were (l) to

|\ . - .

;ﬁ develop improved redox-doped ester LC mixtures
Qﬁ with a wider nematic temperature range, lower
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viscosity, and faster response times, and (<) Lo
obtain sealants compatible with these LCs &and
capable of permitting long life dc-activation of
MOS-addressed matrix cells at elevatea
temperatures as well as long term storage 4t botn
high and low temperatures.

2. LEXPERIMENTAL

The LC components used in these studies belong to
the structural classes shown in Figure 1. Tne
class code nomenclature is similar to ones we nave
used ;):‘evioxxsl)'.1"('11 For specific compounds the
R and R' end groups are identifieq numerically by
the number of carbon atoms in their n-alkyl end
groups, e.g., <0-3 refers to p-ethoxyphenyl p-n-
propylbenzoate. The synthesis or source of the
individual compounds is given in the Figure 1l
references. The LC purity and properties are
measured as described pz‘eviously.hp”'lu For D&
studies "redox dopants" were added, generalily u.o»
each of a dialkylferrocene and (Z2,4,7-trinitro~y-
fluorenylidene)malononitrile (TFM). Either
dibutylferrocene (DBF) or aihexylferrocene (DHF)
are used. The DBF is used in HRL-2oNU and -2oNe¢5,
and the DHF in HRL-26N35 and -<2oN36. The TFM and
DBF were purified commercial products, while the

:c\ s N %
N SRRy

DHF was synthesized by acylation of ferrocene with

hexanoyl chloride to give dihexanoylferrocene,
which was then reduced to DHF and purified. Tne
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IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

141199

STRUCTURE CLASS CLASS CODE REFERENCES

o)
RO-@- OOC—@-OR' RO-OR’ 1.9
Y

no—@—ooc 0OCR' RO—OOCR’ 1.9
Ro-©-ooc-®— R’ RO—[CI R’ 1,8
R -@—ooc-@—ooc@- R R—-OOCPR’ 9,10
R—@-OOC@-OOC-@-R' R—0O0CYR' 10, 11
R—@—OOCR‘ R-YR' 10

FIGURE 1 Structure and code symbols for classes
of LC ester components used in these
studies.

incidence using unpolarized, coilimated green
light centered at 5¢5 nm, with & getector
acceptance angle of about *<®. Tlhe Do response
times are measured in unsealed cells made from
optical flats with several hard SlUx spacer pads
deposited near the perimeter. The thickness of
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these empty cells are measured by a stanaard
interferometer technique witn a Cary 14
spectrophotometer. The LC in both sealed and
unsealed cells are surface-parallel aligned, Dy
rubbing the spin cocated and oven-baked polyvinyl
alcohol (PVA), as bef‘or'e,1
(ITO) transparent electrodes on float glass. The
LC ac-resistivity 1s normally measured at l1ulHz

on indium~-tin oxlide

with 0.1V rms in celis witn surface-paralleil
alignment, although some nominal dc-resistivity
values are shown at 559C and <OV dc while the LC
is undergoing DS. The materials used for sealing
tests are identified by tneir manufacturer's code,
and the sealing (curing) conditions are those

recommended by these suppliers.

3. RESULTS AND DIiSCUSS1UN

3.1 New LC Mixtures: Compeosition and Properties

The compositions of the three new ester mixtures
HRL-26NZ5, -20N35, and -2oN36 are given in Tabie I
along with that of HRL-2bN4, The latter i3 snown

;2 for comparison purposes, since it was one of thne
ﬁ; better mixtures that we studied previously for use
§¢ at elevated temperatures.1 The techniques of

5! formulating these new mixtures were describea

ag r‘ecent,ly:’0 The components were selected to give
:: mixtures with a wider nematic range (especially a
¢ lower melting point), a lower viscosity, ana a

Fr{

-
LA

l"l

A O s s
o

N I Y
R S T e O T o Ty T

T -



IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

TABLE I. Composition of Liquid Crystal Eutectic Mixtures.

Component Mole Fraction of Components in HRL Mixtures

Component Code 26N4 *ﬂ;g;;S ~‘;6‘?335 26N36
20-3 0.108 0.061 0.054 0.057
20-5 0.120 0.057 0.058 0.062
L N 0.037 0.039
A 0.034 0.036
40-6 --eem eeeee e 0.110
60-5  ----- 0.229 0.204 0.214
60-01 0.194  -=-me emoen aeee
10-00C3 0.058 0.037 0.032  -----
40-00C4 0.073 0.045 —-=== emees
60-00C5 N e
10-{cls  ----- 0.272 0.245 0.256
20-{C]3 0.222 0.142 0.124  --=~--
20-[c)5 ==e-- 0.077 0.066 0.970
4-00CY4  —-m=- oeee- 0.059  -----
4-00CP4  ~—--- 0.070 ----- 0.065
3-¥3 eeeee aeeee 0.087 0.091

less negative dielectric anisotropy than HiRL--olh«.

These changes were accomplishea primariiy by
replacing the RO-OR' component and one or more of

Y
T
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the RO-UOCR' components with more structures
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containing cyclohexyl groups, such as Ru-.cun',

O R-YR', and R-OOCYR'. The resultant properties of
2$i the undoped mixtures are shown in Table ii, ang
N these are in fairly good agreement with the

calculated values pr‘edicted‘O for melting point,

,}: clearpoint, birefringence {(4an), viscosity (n), ana
‘??: dielectric anisotropy (Ae). The conductivity

,;ﬁ anisotropy (°u/°1) was measured after doping tne

" mixtures with 0.o% each of a diaikyiferrocene and
Iéﬁ‘ TFM, and tnen filtering the LC to remove any

téﬁé undissolved particles. Typical dc-DS curves of
jag. percent scattering (%S) versus voltage are snown
—

in Figure 2 for these four mixtures. Tne

;;u HRL-26N36 mixture has the best scattering

iéi characteristics of the three new mixtures, and it
A is the one most comparable to HRL-20N4. The

'- superimposition of a high frequency bias signai (>
'f: or 10V of 1UkHz) shifted the dc-DS curves of
A HRL-26N36 considerably toward higner thresnola
‘:E: voltages and steeper %5 changes just above

’ threshold. However, these high frequency bias

Zi; signals had a small effect on tne D3 response

‘is times at 20V dc; for example, a cell of 1l.3 .m
z:$ thickness showed on-times of lv, <o, and <> @S ana

: decay times of 132, 140 and 1235 ms respectively

:ﬁﬁ for 10 kHz bias voltages of 0, 5, and iJ V rms.

T 3.2 Elevated Temperature cffects on LU Properties

The data in Figures 3, 4, and % show the affects
:c; of elevated temperature on several important L.
e properties, comparing HRL-26N30 witn HREL-<ON4.
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TABLE 11. Properties of LC Mixtures 1

Property? Mixture HRL Number
26N4 26N25 26N35 26N36
Melting Point, °C 21 0 -4 -13
Clearpoint, °C 77.0 73.9 31.9 77.%
Average Length, A 23.3 23.2 23.0 23.8
An at 23°C 0.14 0.12 0.12 0.13
n at 25°C, cP 49 31 32 36
Ae at 25°C? -0.96 -0.57 -0.70 ~-0.28
g, at 25°cd 6.15 5.04 4.85 4.84
3yfo, at 25°b 1.40 L.44 1.56 1.42
a
Measured at 500 Hz
b

Measured at 100 Hz with 0.5% redox dopant

The temperature effect on tne ac-resistiviuy e
of the redox-doped mixtures is similar Lo tne
temperature effect on the fiow viscosity of tne
undoped mixtures, as illustrated by the o ana
comparisons shown in Figure 3. Zotn viscesity and
resistivity show a similar exponential legendence
on T", with their log piots snowing similar
deviation from linearity at nigner temperatures.
The effect of temperature on the conductivity

anisotropy of redox-doped HRL-<oivso is similar to

. PR . “ .. o
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FIGURE 2 DS curves, 12 .m thick cells of
optical flats/ITO/PVA (rubbed), 23°C.

that of HRL-20bN4, as snown by tne comparisons in
Figure 4. The o”/ol of HRL-c¢6N30 is higner at ail
temperatures, and it is above 1.3 even at 7u®C cus
to the relatively high clearpoint of tnis mixture.
Tne temperature effects on the dielectric
anisotropy and dielectric constant of these lwo
mixtures are compared in Figure >. as Indicated
in Table LI, the Ae values for HRu-<ulN¢b and -

s l‘< ;‘ "' "‘_ l._ ". f

20N35 are intermediate between those of
HoL-26h and -¢6Ns3so.
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10
100 T T T T i 1x10

I

1 x 109

o

VISCOSITY, 1), cP
RESISTIVITY, p , ochm-cm

'IxIO8

FIGURE 3 Effect of temperature on flow viscosity
and ac-resistivity
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FIGURE 4 Effect of temperature on conductivity
anisotropy.

HRL-20N36 are shown in Figure 6. In contrast to
our observations that ac-DS is more etficient in
thinner cells,1d the scattering for ac-US is not
as high in cells of 0 um as compared to 12 u.um
thickness. At higher temperatures (e.g., 60-0v5°C
in Fig. 6) the scattering efficiency peaks at a
lower voltage (10 to 12 V dc) and the »5 falls off )
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Effect of temperature and cell
thickness on scattering curves for
dC"DS .

14

T T e . . “. ."' ..-.. LI S P .
ce - . « - Lol
[T SRR, TN, § Aihe S WIS A AT s

30

e TN

LA A’ aatatata

weleled




- s . - CRE e G S L Y B B
“ B e e . T eV '."T_.‘-‘ LR e e pou & o

RS A g 2 & o dea G o vy
B R AS A S0 A% /e b o $h S o hlC AR v At A
. . R . - .. - - . . '. B '0

IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

at higher voltages. This higher voltage decrease
in the de-Ds efficiency is more prominent at
higher temperatures, in thinner cells, ana in
samples of lower resistivity. opecause ali of
these factors cause higher current levels in tne
cells, we speculate that this nigher voitage fail
off of %S is related to a space charyge bulid up at
the PVA-coated electrodes.

The effects of elevated temperature and celil
thickness on the DS response times of HRL-ZON36 at
20 V dc are illustrated by the typical values
shown in Figure 7, wWwhere tne voltage is applied
repetitively at 500 ms on and 500 ms off. In tne
highest temperature region tne aecay time
increases with increased temperature, instead of
decreasing as might be expected from the lower
viscosity at higher temperatures. .we haa
observed the same effect previously1 with other LC
mixtures such as HRL-<oN4.}) Shorter lengtn <uV
pulses (e.g., <U to 100 ms), or lower voltage
pulses (e.g., 12 V), give nigher %S and
considerably faster decay times (e.g., l< ms at
61°C in a 6 um thick cell) for HRL-coN3o than the
500 ms voltage pulses of <«uV. This is consistant
- with tne idea that at high current ievels a space
charge build up may be formed that both limits tne
#3 level ana increases the decay time.

o
e
I EN

! The response times shown in Figure ( are
:ﬁ equivalent to those previously observea for

“n - .

= HRL-20N#, despite the fact that HRL-cuNso nas a
} substantially lower viscosity. Nevertheliess, tne
rl
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FIGURE 7 Effect of temperature and cell
thickness on dc~DS response times

at 20 vdc,
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fast turn on times at high temperature {(eg+y < LO
6 ms at 659C in Fig. /) are a small fraction of a
typical 33 ms frame time for a pixel display.
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IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

This indicates that a nigh scattering level can be
reached in a MUSFET matrix LCD even if tne
activating voltage on a pixel Gecreases auring lne
frame time at high temperatures due to charge
leakage from the pixel capacitor through tne LC.
For example, although tne lowest resistivity
sample used in Figure 7 had GRS 2 x 1u® onm-cam a:
65°C, whicn is only one-fiftn of the nominal
resistivity of 109 ohm-cm required to maintain
pixel charge at room temperature for 33 ms, the on
time at 20 V and 65°C is iess than one-fiftn of
this frame time period. in addition, pecause the
%S is maximum in the 10 to ic V range (see Figure
6), the effect of any capacitor charge leakage
will be minimal until the voltage drops below 1J
V. Thus, a full level scattering snould be
reached in a MOSFET matrix display at elevated
temperatures and the average %5 level during thne
frame time will depend primarily upon the decay
time in the presence of residual charge on the
pixel capacitor.

3.3 Sealant Thermal Stability Studies

A survey test was made on the compatibiitity of
various sealant materials with an ester LC mixture
at 100°C. A small sample of each sealant was

individually cured in separate aluminum folil pans

(DSC pans), then some undoped HRL-<N52 ester LC
1

-
-
»
"

.y
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mixture was added, a top was crimped onto each
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pan, and they were heated a4t 10U®. ror izun in an
oven. The LC was examined afterwards Dy pldcling
it in a 13 um thick cell with ITU electrodes ana
testing its resistivity d4ana any impurlity-inducea
DS at 20 V de¢. The results are given in Table
111, where a pick up of impurities by the LC from
the previously cured sealant is shown by a
lowering of the LC resistivity and by the presence
of ionic impurities causing D> at <0 Vv dc.
Because long life dc-DS operation requires tne use
of electrochemically reversible dopants, such as
the HRL redox dopants, the presence of
uncontrolled ionic impurities from the sealant 1s
undesirable--and in fact their presence nas been
shown to cause very snort dc¢-ous lifetime.’ of tne
fifteen different adhesives surveyed Dy the [abie
I[I tests, five (Nos. ¢, 5, 4, » and o) showea
relatively little contamination and two otners
(Nos. 7 and 8) showea slight impurity
contamination. We chose sealant Nos. < to ¢ tor
further studies, and did not make furtner studies
on the eight additional epoxies (Wos. ¥ through
16) in Table I1l. The No. 8 sealant (ADi=fild 557
-Type 1I) was included mainly for reference
purpose since we alreaay «iiew that (U lntroduces
undesirable impurity dopants into the LC at
elevated temperatures.]
Additional studies of the seven selectea
sealants were made in LC test cells with fioat
glass/iTO/PVA substrates using l<./ om thick Mylar

13
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TABLE I[II. Sealant Compatibility Test: Effect on Undoped
HRL-2N52 LC After 120 Hours at [00°C.
77 Cure Cure LC DS Due to
Sealant Temp. Time Resistivity Sealant
L °C Hours ohmjcm ) Impgrigxesﬁi
1. None -~-- ---- 7.87 x 10+~ None
2. Polypropylened 180 0.25 7.87 x 104+ None
3. Torr seal® 1.50 x 104+ None
4, TPA-84-HPC 145 1.5 1.46 x 104 None
5. TPA-61 190 0.25 1.41 x 1014¢ None
6. Norland Noa-61d (wv) 23 0.5 2.62 x 1011 Slight
7. Lens Bond 462°¢ 70 1.0 5.62 x 10lv Slight
8. Ablefilm 539-Type IIf 140 1.5 7.15 x 1049 Litcle
9. Able Bond 642-1f 100 1.0 5.25 x 104 Strong
10. Able Bond 681-14f 175 1.0. 5.25 x 10+J Strong
11. Lixon 1004 A/BB 100 2.0 4.04 x 10+~ Strong
12. Transeae EpoxyDl 100 1.9 4.89 x 1n7Y Strong
50-30-2
13. Transeane Epoxy 150 100 1.0 1.71 x 10 Strong
14. Transene Epoxy 13h 100 1.0 .71 x 107 Strong
15. Able Bond 342-13Accf 70 1.0 4.25 x 197 Strong
16. Devcon 5 Min Epoxyi 70 2.0 2.30 x 193 Strong
a b N
Transparent Products Varian Associates ALX

d e

Norland Products

g h

Hitachi Ltd.

'.

[
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Summers Laboratories

Transene Co.
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Able Stik Labs
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Devcon Corp.
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A. M, LACKNER and J. D. MARGERUM

perimeter spacers. The cells were presea.ed
except for a small filling nole for the LC. These
cells were evacuated, back-filled with undogea
HRL-2N5<, and the filling hole was plugged with
indium metal and overcoated with TPA-ul e€poxy.

The cells were heated at 100°9C in an oven and
examined periodically at room temperature for
their resistivity ana uniformity of alignment.

The results are shown in Figure ¢, where the
apparent resistivity (assuming a nominal le<.7 um
thickness) 1s plottea and the first change in
surface alignment is noted. During comparable
heating times the cell witn Worland wOA-ol sealant
maintained a much nhigher resistivity (by one to
two orders of magnitude) tnan the other sealants
tested. It also showed a mucn longer neating time
before any surface misalignment was observed.

Even after 183un of 100°C heating tne misalignment
in the Norland NOA-61 cell occurred around the
filling hole, which had by then become unplugged.
Because it was far superior to the other sealants
in this test, Norland NOA-o0i was chosen for ac-0J5
lifetime studies of the improved LC mixture in
sealed cells.

The effect of moisture on the degradation of
the Norland NOA-6l sealant was evaluated by
testing one set of sealed cells immersed in water
and another set in an atmosphere of 75% relative
humidity. The results are shown in Figure 9, from
which the activation energy of tnis sealant's

e degradation is found to be about 12 kcal/mole from
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14119-8

mo‘zl T T .

— NORLAND 61

APPARENT AC RESISTIVITY, Q-cm, 23 °C

19 —-. TORR SEAL
1x1010 —-_ TPA-85 .
-=—  ABLEFILM 539-I1
~n - POLYPROPYLENE
—— LENSBOND M62
—=  TPA-61

7 = FIRST CHARGE IN LC SURFACE ALIGNMENT
1x109 | 1 1

0 500 1000 1500 2000
HEATING TIME AT 100 °C, hr

FIGURE 8 Sealant effects on resistivity and
surface alignment of LC cells.

EE! attack by both water ana water vapor. Ihnese tests
tﬁ; were made with a perimeter seai, using =mply celils
Eii with a Mylar spacer. ctvidence for seaiant

;3% degradation was taken as tne first noticable

o change in the adherence of the outsiue edge of the
gﬁ_ sealant strip, from visual examination on a iignt

f&: table. The relative rates of aegradation and tne
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IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

activation energy are the important inrormaticn
gained from the Figure 9 data. lamersion in nact
water was chosen as the first accelzrated lest
condition, and the water vapor test resuils
confirm that the activation energy for moistur=
attack 1s approximately lc kcal/mole. 7Tnia
corresponds to sealant degradation times of abiutl
19,500h and 1100n at <5° and 719C, respective.y,
for Norland NOA-61 in a 75% relative numidity
atmosphere. This 1s not a direct measure of tne
rate that water vapor will attack samples ol .l in
a sealed cell, which might be faster if water
vapor migrates across (through) the sealant, ana
which might be siower it the entire wiatn of tne
sealant has to be degradea first for tne moisture
to affect the LC. however, we expect tnat tne ..
kcal/mole activation energy propab.y aiso pertains
to the temperature dependence of tne reliative
rates of moisture attack on the LT tnrousn tnis
sealant.

3.4 Thermal sStability Studies on LC Materia.rs ana
Cells

Accelerated tests were made on the tnermal
stability of the new LC mixtures with 4dced redox
dopants by heating the mixture in evacuated tubes

at 100°C for long periods of time. ine resuitls
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A, M, LACKNER and J. D. MARGERUM

are su. .arized in Table 1V. Each acped LC became
darker and more conductive after the 1iJ0°C
heating, but tne d¢-DS characteristics remained
essentially the same (as noted by Vau;s) and no
crystals or solid products were formed. we have
found that the redox-doped ester mixtures
generally become more conductive on stanaing, as
indicated in Table LV for the resistivity of
unsealed HRL-26KN35 and -2o0N36 samples stored in a
desicator at <5°C.

The thermal storage stability of reaox-doped
LCs at elevated temperature in sealed cells was
studied by examining the effects of more than
3000h of storage at 50°C, as shown in Table V.
The cells were pre-sealed with Norland MNUA-061
optical cement around the perimeter spacer, were
backfilied with LC after evacuation, and the
filling hole was plugged with In and covered with
the Norland NOA-61. The periods of heating, which
totaled 3019h, caused no significant visual
effects of degradation, i.e., no surface
misalignment, no crystals, and no precipitates.
This long period of 80°C storage of HRL-<uN25 and
-26N36 in the sealed cells caused little
resistivity change. The dc-Ds characteristics of
two cells were not changed significantly by tne
heated storage, but in a third cell the higher
voltage (16.1 V) required for vyU%S inaicates tnat
some degradation occurred in this HRL-<bN>o

mixture--possibly the introduction of some ionic ]
impurities with a lower conductivity anisotropy -

than the redox dopants.

Y ‘:;:..IJ‘J'J




TR T

IMPROVED MATERIALS FOR DC DYNAMIC SCATTERING

TABLE IV. Thermal Stability of Redox-Doped LC in
Evacuated Tubes at 100°C.

Conditions and Measurements? HRL Mixtures and Resulcsb

26N4 26N25 26N35 26N36

Resistivity (ohm-cm), 1073

-Initial 2.5 2.7 7.1 8.9
-After 1173h at 23°C, in cell® --- --- 3.4 2.8
-After 100°C in evacuated tube 0.5 2.3 1.5 1.0
Heating time: 100°C,

evac. tubes 2300h 837h 1173n 1173n
Visual color change

from heating darker darker darker darker
dc Voltage required for 90% S

-Initial -—- -—- 13.6Vv 11.9v
-After 100°C in evacuated tube --- -—- 13.3v 11.7v

3Measurements made at 23°C in float glass/ITO/PVA cells with
25 um spacers.

PEach LC doped with 0.5% each of dialkylferrocene
(DBF or DHF) and TFM.

CUnsealed cell stored in desiccator.

TABLE V. Effects of 80°C Storage on Redox-Doped
LCs in Sealed Cells,

Conditions and Measurements HRL Mixtures and Results
26N25 26N36

Heated Storage time at 80°C 3019h 3019h

Resistivity (ohm-cm), 1079,

-Initial 5.0, 3.2 6.1, 7.6

-After heating 4.6, 4.6 4.7, 1.6

dc Voltage for 90% S

~Initial --, l4.8v 13.0, 14.6V

-After heating --, 15.5v 16.1, 13.9v

3Measurements at 23°C in cells of float glass/ITO/PVA with
12.7 ym Mylar spacers, sealed with Norland NCa-61.
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Low temperature storage effects on sealea
cells of redox-doped HRL-20N¢5 and -<2oN36 were
also examined, as indicated in Table VI. These
cells showed no alignment changes or other 1ill
effects from storage in the -60° to -209C range,
even though these temperatures are below their
eutectic melting points. The changes in
resistivity and in Vy,go are relatively small,
indicating tnat the dopants remained in solution
during the low temperature storage.

The electrochemical stability (i.e., dec-DS
lifetime) of the redox~doped mixtures in sealed
cells was studied at 55°C with 20 V dc applied
continuously. The results of these experiments
are summarized in Table V.[ and in Figure 10. The
end of life of each cell was taken as tne first
observable defect, which was usually a brown
deposit near the filling hole or along one eage of
the perimeter seal. Most of the cells had
lifetimes much longer than those we nad found
previously1 using Ablefilm 539-Type Il as the
sealant for cells with other ester LCs at 55°C.
The four best cells had lifetimes of <23l«, 3u9l,
5279 and 6053h, which are all much longer than the
lifetimes of unsealed cells studied previously.1
This shows that these new LCs are capable of long
operational lifetimes at elevated temperatures in
well sealed cells. All of the cells in Table VII
with short lifetime of <1lu0h were sealed poorly
and leaked. One-half of the cells with <1u0n
lifetime had brown deposits next to the filling
hole, where the LC might have had some contact

e e e
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5
o
) TABLE VI. Effects of Low Temperature Storage on
% Redox-Doped LCs In Sealed Cells
o~ Storage Days of Measurements After Storage’

o Mixture Temp. °C  Storage? 1079 (ohm-cm) V for 90%S
f\:' -

S HRL-26N25 23 (Initial) 3.4 ---

~ -60 12 3.7 -—-

X ~40 7 3.7 ---

o -20 7 3.5 ---

{ .

o= HRL-26N36 23 (Initial) 7.4 13.0

- -60 7 6.6 13.0

= -40 33 4.8 12.9

':_:.: -20 31 4.2 12.5

‘ i 3Sequential storage times

:; PMeasurements at 23°C in cells of float glass/ITO/PVA with
o 12.7 um Mylar spacers, sealed with Norland NOA-61.
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~Q- TABLE VII. Sealant Quality Effects on Electrochemical
i Stability of Redox~Doped LCs at 55°C.

"

! HRL No. Distribution of Cell dc lifetimes® Longest
- Mixture? Cells®  <100h <1000h <5000h >5000h Life
l‘J T
= 26N25 12 5 4 2 1 527%h
2N 26N35 2 1 - -- 1 6053h
E
26N36 4 -- 4 -- - 789h
:f. 3poped with redox pairs.

:}: YCells of float glass/ITO/PVA with 12.7 ym
., Mylar spacers, sealed with Norland NOA-61.
= “Lifetimes with 20 Vdc at 55°C.
.j:
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FIGURE 10 Sealant cell lifetime studies of
’ dc~DS at 55°C,

with the uncured sealant that was placed over the
indium plug and UV-cured. (0On extended periocds of
de-DS at 55°C the brown deposits became metallic
looking deposits on the negative electrode, and
were identified as iron by Auger analysis.) Jther
tests (55°C and 20 V de¢) with redox-doped
HRL-26N25 in unsealed cells (Mylar perimeter
spacer only) showed a very short iifetime (<ldh)

QR in the presence of a small drop of the uncured

Eﬁﬁ sealant, a longer life (4lzch) in the presence of a
% drop of UV-cured sealant, and a long life (3400nh)
o in the absence of any sealant. we believe that
ﬁﬁ' the shorter lifetimes in Table VII are due to
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impurities from incompletely curea sealant, whose
electrochemical degradation effects appear to bpe
accelerated by the leakage of air intc the ceuiis.

Because there is a commonality of components in
these three LC mixtures, the differences In the
559C de-DS lifetimes which are shown in Figure 10
are believed to be due to the quality of the seal
rather than to differences in the purity of the
different LC mixtures.

4, CONCLUSI1GCHS

1. Of three new LC ester eutectic mixtures witn
lower viscosity which were formulated for DS
applications, hRL-Z0N30 is superior to HRL-ZON&bH
and -20N35 in the width of its nematic range (-1-°
to 78°C, undoped) and in its scattering level for
dc-DS with redox depants added.

2. Thinner cells show faster dc-DS response times
than thicker cells, although with less cnange tnan
the usual square of thickness relationsnip.
However, thin cells show decreasea scattering
levels at high temperatures and high voltages
(e.g.,> 50°C and >1% V). This may be due to space
charge build up at the PVA-coated electrodes
caused by tne higher current levels.

3. At elevated temperatures the %S vs voltage
peaks at intermediate voltages (e.g., 1lU to l« V),
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and the ratio of decay-time/on-tim increases.
These effects and the fast on-times at the higher
temperatures could compensate for a shorter lengtn
pulse, such as might occur in a MUSFET matrix
aisplay if the charge on the pixel capacitor leaks
appreciably during a frame time due to the higner
conductivity of the LC at high temperatures.

4, An optical cement, Norland NUa-ul, was found
to be superior to many other sealants (especially
epoxy types) in its thermal stability with «ster
LCs at elevated temperatures. Well sealed celis
showed that long term dc-DS stability is possible
at elevated temperatures (e.g., >6000h at 55°C and
20 V dc). However, the lack of reproducibility in
fabricating well sealed cells was found to be the
limiting factor in the yield of long live dc-Do
test cells.

5. The new mixtures with redox dopants show
favorable long term storage stability In sealed
cells between low and high temperatures of =-o00°
80°C.

Lo
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